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I. — Affinities. 

These plants constitute a natural order, or something 
higher, which, in a popular sense, must be con- 
sidered a comparatively little known group. They are 
met with in fresh or brackish water, and are variable 
in size and habit They are not recommended to our 
notice by any of their uses in the arts, nor by their em- 
ployment in pharmacy or as food either for man or 
beast. They possess no common English name by which 
the child may distinguish them from other denizens of 
our brooks and lakes. They do not enter into legendary 
or fairy story like the hyacinth or the toadstool. They have 
never served as the badge of rival tribes or warriors like 
the broom or the rose. No grateful perfume is distilled 
from their cells. No poet like Milton or Shakspere has 
sung their praises or wedded their name to some beauti- 
ful conceit or fancy. No lover has ventured to associate 
them with youth and beauty, grace and tenderness, and 
they never enter into " the language of flowers." Yet 
the man of science has shown them to possess a voice 
and language which speak melodiously enough when 
their life is properly interpreted, and their relationships 
better understood. 

They are of extreme interest to the physiologist and 
systematist, but even yet there is no common agree- 
ment as to the homologies of their organs, or to 
their exact place in the natural system of classifi- 
cation. They have been made the associates of the most 
diverse alliances in the vegetable kingdom. 

Linnaeus, with philosophic insight, placed them at first 
amongst the Alga?, but afterwards with a weaker grasp of 
their natural affinities, raised them to a position amongst 
flowering plants. In this latter view he was followed by 
his immediate successors. Still later, the elder de 
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Jussieu and Robert Brown considered them to be mono- 
cotyledons, associating them respectively with pond- 
weeds and frogbits; while other systematists have 
classed them with the dicotyledons, referring them to 
positions near to Myriophyllum or to Ceratophyllum. In 
recent years Agardh has placed them with Confervacese, 
and Brongniart near the ferns and the pillworts. 

Such diverse conclusions respecting their affinities give 
considerable importance to the structure of these curious 
organisms, and to the interpretations which attach to 
their several organs. 

II. — Literature. 

Their study has developed a considerable literature 
in the transactions of learned societies. Classical 
papers are those by Pringsheim on "die Vorkeime 
und die nacktfussigen Zweige der Charen," in his 
Jahrbuehf. w. Botanik, Vol. III., plates 9 to 13 (1863) ; 
by Nordstedt in Vol. n. of the Arsskrift of the University 
of Lund, entitled " Nagra iakttagelser of ver Characeernas 
groning " (1866) ; by Sachs in his Lehrbuch, p. 258 (1868) ; 
and by de Bary in the Botanische Zeitung, Vol. XXXIII., 
plates 5 and 6 (1875), "zur Eeimungsgeschichte der 
Charen" — this last paper being translated in the Journal 
of Botany for October 1875, No. 11*, p. 298. 

In our own country a careful monograph of the 
British species, with illustrations, has been recently 
issued by Messrs. Henry and James Groves, and 
these gentlemen — who are regarded as our best 
English authorities for this difficult group— are under- 
stood to be preparing sets of the critical British forms, 
which will contribute to our better knowledge of the 
group. 

Copies of these works were placed upon the table for 
the inspection of the members, together with numerous 
dried specimens, British and continental; and basing 
himself upon the writings of the authorities quoted, 
Mr. Bailey proceeded to explain the principal points 
in the structure of the Characese. 

III. — Axial Structure. 

For a long time they were regarded as an undivided 
group, but a closer acquaintance has led to their 
being separated into several genera, of which the two 
principal are Chara and Nitella. 

The first of these genera is easily recognized by the 
constitution of its stem; there is a large central tube 
surrounded by a number of narrower tubes. The outer 
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tubes do not enclose the inner tube in a perfectly straight 
direction, but most frequently exhibit a spiral torsion 
from one node to the next ; they are besides often en- 
crusted with lime, which makes the plants very brittle 
to handle. 

The second of the two principal genera is named 
Nitella, and in this group the tubes are translucent, 
while the cortical series of smaller tubes is absent; this 
difference of structure makes the Nitellas more flexible 
and softer to handle than the Charas. 

The so-called stems of these plants are therefore 
composed of a single row of large axial cells or tubes 
placed end to end, and with or without the cortical layer 
of narrower tubes. The extremities of the tubes are joined 
to their neighbours by a tnin transverse plate made up 
of roundish cells, which constitute the node ; and, except- 
ing some hair-like processes, all the lateral out-growths 
originate from these nodes, giving rise to leaves or lateral 
branches in the upper portion, and to rhizoids or roots 
in their subterranean portion. The tubes are short at 
the growing end of the plant, but they increase in 
length considerably as they become distant from the 
terminal growing point. 

The subterranean portion is not unlike the aquatic 
portion, but it does not possess any cortical layer; 
a number of fine tubular radicles originate at the 
nodes serving to bind the plant to the mud. Some- 
times the subterranean tubes inflate and produce 
small bulbs, bulbils, or tubercles, and even star-shaped 
bodies (Montagne, Annates, des. sc. not. third ser. Vol. 
XVIII.), all of which are white in colour, and gorged 
with starchy matter which serves as a reserve of nutri- 
ment for the growing plant. 

IV. — Stbuctube of the Cells. 

All the young cells or tubes possess a nucleus, which 
at the outset is found in the centre of the protoplasmic 
mass. The cells increase by division, but each act of 
sub-division is preceded by the dissolution of the primi- 
tive nucleus and the formation of two new nuclei; 
further changes follow in the protoplasm which now 
lines the inner walls with a thick deposit. 

From this time commences a rotatory movement 
in the cell contents, always in the direction of 
the long diameter. This peculiar movement is not 
confined to the tubes of the stem, but is met with 
in every cell of the plant ; it is, however, best 
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observed in the large translucent tubes of the 
Nitellae. It is very difficult to adequately realize, much 
■ less describe, the order in which these currents flow in 
all their detail, but, broadly speaking, the floating par- 
ticles are disposed in closely contiguous longitudinal 
series, forming together two large more or less oblique 
bands, and separated from each other by two very nar- 
row bands from which the green particles of chlorophyll 
are absent. These colourless lines are merely the neutral 
zone, by whose sides move the two opposing portions of 
the current, up one side and down the other side of the 
cell. They have been called "lines of interference," 
though not in the sense in which the term is used in 
physics. 

The cause of this movement so far baffles the in- 
vestigations of physiologists ; it is a dark continent, 
which no discoverer has yet crossed. It is undoubtedly 
a vital movement, as Corti, its first discoverer, stated, 
and, to distinguish it from the movements of liquids in 
the vascular tissue of phanerogams, it has been called 
an " intracellular circulation." Similar vital movements 
take place in the cells of many plants, as in the monili- 
form staminal hairs of Tradescantia. 

V. — Reproductive Oboans. 

Reproduction takes place by means of organs which 
are analogous to those found in other cryptogams, but 
which are by no means homologous with them, 
neither by their development, nor by their ultimate 
form. 

One of these organs is clearly an antheridium, 
having its own special structure. The other organ, or 
oospore, is open to so many interpretations of its mor- 
phology, that each investigator, coming to his own 
conclusion as to the correlation of its parts, feels it in- 
cumbent to invent some new name which, though it 
may baffle the student, suggests no false analogies. We 
shall examine each of these two organs in turn. 

The antheridia occur in the form of solitary globules of 
an orange or reddish colour when ripe, but in their early 
stage they are green. Their position on the plant varies 
in the monoecious species of Chara they are usually 
found below the oospore ; in the monoecious species of 
Nitella the respective positions of these two organs are 
reversed ; in Lychnothamnus they occur side by side. 
In the dioecious species these relations of contiguity 
necessarily disappear, but their morphological significa- 
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tion and position remain the same. They are mostly in 
advance of the oospores in the order of their growth. 
VI. — Structure op the Antheridium. 

The antheridium is a complicated structure. Its walls 
are made up of eight flattened cells or valves, termed 
shields, having lobed or wavy edges ; the prolongations 
of the margin of one valve fitting into the indentations 
of the next, thus helping to give the spheroidal envelope 
some rigidity. The four uppermost shields are trian- 
gular ; the four lowermost are four-sided, on account of 
the insertion of a cell acting as a stalk. 

The outer surface of the shields is colourless or hya- 
line, so that the globule looks as if it were surrounded 
by a halo of transparent jelly; the inner surface is 
covered with grains of chlorophyll, which change to 
orange or red as the antheridium ripens. 

From the centre of the inner wall of each shield 
there projects a cylindrical cell termed a manu- 
brium, filled with orange-red granules, and reaching 
about half-way towards the interior of the antheridium. 
The base of each manubrium is indicated by the eight 
bosses seen on the outer surface of the globule ; while at 
the opposite extremity is a rounded hyaline cell called 
the capitulum or head. 

Each capitulum in its turn gives origin to six other 
smaller cells, or secondary capitula, from each of which 
proceed four long whip-like filaments coiled several 
times upon themselves. Excepting the space occupied 
by the eight manubria, and the cell which acts as a 
stalk, these filaments entirely fill up the cavity of the 
antheridium. 

Thus each globule, when developed normally, 
contains one stalk, eight shields, eight manubria, 
8 capitula, 48 secondary capitula, and 192 filaments, 
say 265 parts ; nor is this all. 

The 192 filaments in | their turn are compound or- 
gans, each being composed of a linear series of from 
100 to 200 discoid cells; thus there are from 19,200 
to 38,4-00 discs, each one of which contains an an- 
therozoid. The antherozoid is a fine hair-like body, 
thickened at its posterior extremity and rolled spirally, 
while from the opposite extremity proceed two long and 
very fine cilia. 

When the antheridium is ripe, the eight valves 
separate from each other at their edges, while the 
20,000 to 40,000 antherozoids escape from the discoid 
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cells and paddle away in the water with a cork- 
screw-like motion. The rupture usually takes place in 
the morning, and the movements of the antherozoids 
continue for some hours afterwards. 

VII.— Structure of the Oospore. 

We must now turn to the oospore, which is a more 
simple organ than the antheridium. In its early stage, 
and prior to fecundation, it takes the shape of a little 
spiral tower, surmounted by a crown, but when quite 
ripe it becomes ellipsoid in Chara and nearly globular 
in Nitella. 

It is invested by an envelope composed of five tubular 
cells, which may be regarded as five leaves cohering by 
their sides, and arranged spirally round the oospore ; the 
limits of these tubes are clearly marked on the ripe shell 
by bands or raised lines. In their earliest stage they con- 
tain chlorophyll which in the progress of growth becomes 
changed into a brown or black lignified substance, whose 
nature has not yet been determined; their surface is 
mostly smooth, but in some species it is netted or pitted, 
and in others there is a thick granulated layer of carbo- 
nate of lime, contained in a soft hyaline membrane. 

The five spiral tubes project beyond the summit of the 
oospore into as many free ends, which, together, constitute 
what has been termed a stigmatic-crown, from the erro- 
neous supposition that it was analogous to the stigma of 
a flowering plant. This crown is more pronounced in the 
Chaias* than in the Nitellas, and it is persistent ; in the 
Nitellas it disappears early. 

These freeeiids of the spiral tubes also show an- 
other distinction between the two principal divisions 
of the family, viz., that the teeth of the crown in 
Charas are unicellular, while in Nitellas there is a 
transverse septum dividing each tooth into a pair of 
cells. Braun was the first to point out this character, 
and he considers it the best differential character for 
separating the two genera. 

In the young state of the investing tubes there is 
a continuity between the prolongation at the free 
end, and the tube from which it originates ; but 
later on a septum appears and fixes the limit be- 
tween each tooth and the tube of which it is the pro- 
longation. 

As the oospore ripens the upper ends of the twisted 
tubes form a space or chamber immediately be- 
tween the base of the crown and the summit of the 
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oospore within; this chamber is closed below by a 
diaphragm in which a narrow opening is said to form 
the communication between the upper chamber and the 
papilliform summit of the oospore. 

The portions of the five tubes which form the walls 
of this chamber then separate from each other so as to 
produce narrow slits or openings through which the 
antherozoids make their way to the uppermost of the 
two cells which compose the inner portion of the 
oospore. 

Good figures showing the way in which the anthe- 
rozoids effect an entrance through these slits are given 
by Pringsheim in the plate issued with the Monatsbericht 
d.k.p. Akademie d. Wiss. zu Berlin for May, 1871. So 
much for the external parts of the oospore. 

Its inner portion consists of an ovoid or globular 
body containing two cells with tolerably thick walls 
formed of cellulose; the larger of these two cells 
is filled with a colourless fat and with grains of starch* 
The starchy granules were at one time considered to 
be sporules, but erroneously. 

When ripe the oospore drops away from the parent 
plant and falls to the bottom of the pond ready for 
germination in the autumn, or after the winter cold. 
VIII. — Germination of the Oospore. 

The mature oospore contains two cells, a nodal cell 
and a basal cell, the former being very much smaller 
than the other. This small cell is the all-important 
cell, as all the growths succeeding germination 
originate from it ; its shape is that of a plano-convex 
lens, the flat side being against the basal cell. 

On germination the nodal cell enlarges sufficiently to 
burst the crown, when it is seen to be divided into two 
cells by a septum in the direction of the long axis of the 
oospore ; both these cells emerge through the crown as 
obtuse cylindrical tubes. 

These two cells are indistinguishable from each 
other at first, but one of them very soon exhibits all the 
characters of the peculiar jointed and branched root * 
while the other forms the first, or principal, pro-embryo 
of the future Chara plant. 

This second cell takes a much more active development 
than the other ; at first there is a single-celled tube-like 
growth at the apex of the principal pro-embryonic cell ; 
then it is divided at its upper end by a septum form- 
ing an independent cell ; this cell by further subdivi? ; 
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is changed into a pro-embryonic apex consisting of from 
two to six series of cells ; further growth in length and 
breadth of these cells next takes place, when they form 
the large leaf which rises with the whorl and normal 
stem-bud of the pro-embryo ; this normal stem-bud thus 
becomes the first stem of the Chara. 

The source from which all this growth has been sup- 
ported is the large basal-cell of, the oospore ; the nodal- 
cell is the active organ, the basal-cell is its storehouse. 
While the growths of the nodal-cell have been progress- 
ing the basal-cell has kept within its hard shell, its 
reserve material gradually giving place to a watery 
fluid. By the time that the young plant has put forth 
its first leaf -shoots it has consumed all the food stored 
up in the basal-cell, and all that is left is a shell filled 
with water. 

IX. — Thb Pbo-embrto. 

The question now remaining to be determined is, what 
is the morphological value of the growths springing 
from the small nodal- cell ? 

Up to the publication of Pringsheim's paper in 
1863 it had been concluded that the true sexual 
plant sprang directly from the nodal-cell, but Prings- 
heim's interpretation of the facts here set forth sug- 
gested that the first developments of the nodal-cell 
constitute a comparatively inconspicuous growth, to 
which he gave the name of " pro-embryo." He further 
concludod that it was homologous with the " protonema" 
developed from the spore of a moss, and as leafless 
structures intervene between the spore and the leafy 
plant both in Characese and in Muscinese, he concluded 
that the two orders belong to the same alliance. 

Mr. A. W. Bennett and others, accepting this relation- 
ship, suggest that the Characese are mosses which have 
been rendered abnormal by their aquatic habit, in which 
the formation of the non-sexual generation (sphorophore) 
has been altogether suppressed. (See Journal of Botany, 
No. 187, July, 1878, p. 202.) Dr. Vines, who has care- 
fully discussed these relationships (Journal of Botany, 
No. 192, December, 1878, p. 355) would appear to be 
nearer the truth in regarding the Characese as an in- 
dependent group intermediate between the Carpos 
porese and the Muscinese, thus linking the Thallophytes 
to the Cormophytes ; in the structure of their vegetative 
and reproductive organs they resemble the cormoid 
Thallophytes on the one hand^and the thalloid Cormo- 
phytes on the other. 
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